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5 MEMORY MODULE HAVING BUFFER FOR ISOLATING STACKED MEMORY 

DEVICES 


BACKGROUND OF THE INVENTION 
Fig. 1 is a block diagram of a prior art memory system. The system of Fig. 1 includes 
10 three memory modules 10, 12, and 14 that are coupled to a memory controller 16 through a bus 
1 8. Each memory module is fabricated on a circuit board that plugs into a connector 20 on a 
• mother board 22. Each module includes multiple memory devices 24, 26, and 28 that are 
coupled to the bus 18 to allow the memory controller to access the memory devices. 

To increase the memory density of the modules, memory devices can be stacked on top 
% 15 of each other, thereby increasing the memory capacity of each module without increasing the 
y * space required on the circuit board. Stacking memory devices, however, increases the capacitive 
ft loading of the signals on the bus. For example, from the perspective of the memory controller 

" 11 it 

%t • 16, each data line in the bus 18 has a total capacitance that equals the sum of the capacitance of 

i y 

S each portion of the signal line running through sections A, B, and C of the bus, plus the 

p 20 capacitance of the portion of the data line in sections 30, 32, and 34 that couple the memory 

it c ' v, 

f f devices to the bus, plus the sum of the input capacitance of all of the memory devices (which are 
81 attached to sections 30, 32, and 34 in parallel). If additional memory devices are stacked on 
5 ' devices 24, 26, and 28, then the capacitance of the additional devices are added to the total 

capacitance seen by the controller. Therefore, when the memory controller drives a data signal 
25 onto the bus, it must overcome the combined capacitance of all of the stacked memory devices. 
This heavy capacitive loading reduces the maximum operating speed and increases the power 
consumption by the memory system, especially at higher operating frequencies. 


BRIEF DESCRIPTION OF THE DRAWINGS 
30 Fig. 1 is a block diagram of a prior art memory system. 

Fig. 2 is a block diagram of an embodiment of a memory module in accordance with the 
present invention. 


1 


Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a 
memory module in accordance with the present invention. 

Fig. 4 is a block diagram of an embodiment of a memory system in accordance with the 
present invention. 

5 

DETAILED DESCRIPTION 
Fig. 2 is a block diagram of an embodiment of a memory module 100 in accordance with 
the present invention. Module 100 includes a first memory device 104 which is mounted on a 
circuit board 108. A second memory device 106 is stacked on top of the first memory device to 
10- form a stack 102. A buffer 1 10 is mounted on the circuit board and electrically coupled to the 
memory devices 104 and 106 through signal lines 1 12. A connector 1 14 is attached to the circuit 
board for coupling the memory module to a bus that leads to a memory controller on another 
* circuit board, e.g., a computer mother board. The buffer 1 10 is arranged to capacitively isolate 
P the stack of memory devices from the bus. Therefore, the capacitive loading seen by a memory 

■I n * 

m 15 controller (or other device) driving the bus is reduced. This increases the maximum operating 
« J speed of the memory module and reduces power consumption. 

t* n ■> 
pi ntw 
I* f< "* 

m The buffer 110 sends and receives signals to and from the memory controller through 

h connector 1 14 over signal lines 120. In a preferred embodiment, the buffer 1 10 is designed to 
*f receive signals from the memory controller over a first bus and redrive them back out the 
30 20 connector over signal lines 122 (shown in broken lines) and to a second memory module over a 
i : i second bus. 

++ ■! 

Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a 
memory module in accordance with the present invention. The stack 102 can be extended to 
include additional memory devices (shown in broken lines). Additional stacks can also be 
25 added, and they can be buffered by the first buffer 1 10, or a separate buffer can be used for each 
stack. 

Fig. 4 is a block diagram of an embodiment of a memory system in accordance with the 
present invention. The system of Fig. 4 includes two modules 100A and 100B coupled to a 
memory controller 1 16 on a computer mother board 117 through a bus system 118 which 
30 includes buses 118Aand 118B. The modules may be coupled through connectors 13 OA and 
130B which plug into connectors 132A and 132B, respectively, on the mother board. Each 
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module a stack of memory devices 102A,102B and a buffer 1 10A,1 10B that isolates the 
corresponding stack from the bus system. In the example of Fig. 4, the modules are coupled to 
the memory controller in a point-to-point arrangement. That is, the memory controller 1 16 is 
coupled to module 100A, which is designed to receive signals from the memory controller and 
redrive them to module 100B. The use of point-to-point wiring further reduces the capacitive 
loading seen by the memory controller. Alternatively, the modules 1 1 OA and 1 1 OB and memory 
controller 1 16 may be coupled together in a multi-drop arrangement in which both of the 
modules are essentially coupled in parallel on a single bus. 

The memory controller 1 16 is shown in Fig. 4 as part of a central processing unit (CPU) 
126, however, it may alternatively be implemented as one chip of a chipset, or in any other 
suitable form. The memory system shown in Fig. 4 includes two memory modules for purposes 
of illustration, but may be implemented with only a single memory module or with any number 
of modules. The buffers need not be mounted on the memory modules, but can also be mounted 
on the mother board or any other device on which the bus system resides. Moreover, the stacks 
of memory devices need not be mounted on modules. Instead, an entire memory system in 
accordance with the present invention may be fabricated on a single circuit board including the 
memory controller, bus, stacks of memory devices, and buffers arranged to capacitively isolate 
the stacks from the bus. The advantages of the present invention can be realized wherever 
memory devices are stacked by buffering the stack from other components, thereby reducing the 
capacitance load seen by the other component. 

Having described and illustrated the principles of the invention in some preferred 
embodiments thereof, it should be apparent that the invention can be modified in arrangement 
and detail without departing from such principles. We claim all modifications and variations 
coming within the spirit and scope of the following claims. 


CLAIMS 


1 . A memory system comprising: 
a first memory device; 

a second memory device stacked on the first memory device; and 
a buffer coupled to the first and second memory devices. 

2. A memory system according to claim 1 further comprising a third memory device 
stacked on the second memory device and coupled to the buffer. 

3 . A memory system according to claim 1 further comprising a bus coupled to the 

buffer. 

4. A memory system according to claim 3 further comprising a memory controller 
coupled to the bus. 

5. A memory system according to claim 1 wherein the buffer is a first buffer and 
further comprising: 

a third memory device; 

a fourth memory device stacked on the third memory device; and 

a second buffer coupled to the third and fourth memory devices and to the first buffer. 

6. A memory system according to claim 5 wherein the first buffer is adapted to 
receive a signal and redrive the signal to the second buffer. 

7. A memory system according to claim 5 wherein the first buffer is adapted to 
receive a plurality of signals and redrive the plurality of signals to the second buffer. 

8. A memory system according to claim 5 further comprising a memory controller 
coupled to the first buffer. 


9. A memory system according to claim 8 wherein the memory controller, the first 
buffer, and the second buffer are coupled together in a multi-drop arrangement. 

10. A memory system according to claim 8 wherein the memory controller, the first 
buffer, and the second buffer are coupled together in a point-to-point arrangement. 

11. A memory module comprising: 
a first memory device; 

a second memory device stacked on the first memory device; and 
a buffer coupled to the first and second memory devices and arranged to capacitively 
isolate the first and second memory devices from a bus. 

12. A memory module according to claim 1 1 further comprising a connector attached 
to the module and adapted to couple the module to a bus. 

13. A memory module according to claim 1 1 further comprising a third memory 
device stacked on the second memory device and coupled to the buffer. 

14. A memory module according to claim 1 1 wherein the memory module is adapted 
to receive a signal from the bus and to redrive the signal to another memory module. 

15. A memory module according to claim 1 1 wherein the memory module is adapted 
to receive a plurality of signals from the bus and to redrive the plurality of signals to another 
memory module. 

16. A memory module according to claim 1 1 wherein the buffer is adapted to receive 
a signal from the bus and to redrive the signal to another memory module. 

17. A memory system comprising : 
a bus; 

a stack of memory devices; and 


a buffer coupled between the stack of memory devices and the memory bus. 

18. A memory system according to claim 1 7 further comprising: 
a second stack of memory devices; and 

a second buffer coupled between the second stack of memory devices and the bus. 

19. A memory system according to claim 17 wherein the buffer is a first buffer and 

further comprising: 

a second stack of memory devices; and 

a second buffer coupled between the second stack of memory devices and the first buffer. 

20. A memory system according to claim 17 further including a memory controller 
coupled to the bus. 

21. A memory system according to claim 17 wherein the stack of memory devices is 
mounted on a memory module. 

22. A memory system according to claim 21 wherein the buffer is mounted on the 
memory module. 

23. A memory system according to claim 21 wherein the bus is fabricated on a circuit 
board and the buffer is mounted on the circuit board. 


ABSTRACT 


The present invention utilizes a buffer to isolate a stack of memory devices, thereby 
taking advantage of the increased memory density available from stacked memory devices while 

5 reducing capacitive loading. A memory module in accordance with the present invention may 
include a stack of memory devices and a buffer coupled to the first and second memory devices 
and arranged to capacitively isolate the first and second memory devices from a bus. In a 
memory system in accordance with the present invention, multiple buffered stacks of memory 
devices are preferably coupled in a point-to-point arrangement, thereby further reducing 

10- capacitive loading. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention which 

[X] is attached hereto. 

[ ] was filed on as Application No. 


[ ] and was amended on (if applicable) 

[ ] with amendments through (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of 
this application in accordance with Title 37, Code of Federal Regulations, Sec. 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Sec. 119 (a)- 
(d) or §365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate, or of any PCT international application having a filing date before that of 
the application on which priority is claimed: 

Prior Foreign Application(s) Claiming 

Priority? 

[] [] 

(Number) (Country) (Day/Month/Year Filed) Yes No 

I hereby claim the benefit under Title 35, United States Code, Sec. 1 19(e) of any United 
States provisional application listed below: 

Provisional Application No. Filing Date 


I hereby claim the benefit under Title 35, United States Code, Sec. 120 or §365(c) of any 
PCT international application designating the United States of America listed below and, insofar 
as the subject matter of each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, United States Code, 
Sec. 112,1 acknowledge the duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, Sec. 1 .56 which occurred between the filing 
date of the prior application and the national or PCT international filing date of this application: 


1 


(Application No.) 


(Filing Date) 


(Status) (patented, pending, abandoned) 


I hereby appoint the following attorneys to prosecute the application, to file a 
corresponding international application, to prosecute and transact all business in the Patent and 
Trademark Office connected therewith: 
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Attorney Name 

Registration No 

Jerome S. Marger 

26,480 

Alexander C. Johnson, Jr. 

29,396 

Alan T. McCollom 

28,881 

James G. Stewart 

32,496 

Glenn C. Brown 

34,555 

Stephen S. Ford 

35,139 

Gregory T. Kavounas 

37,862 

Scott A. Schaffer 

38,610 

Joseph S. Makuch 

39,286 

James E. Harris 

40,013 

Graciela G. Cowger 

42,444 

Ariel Rogson 

43,054 

Craig R. Rogers 

43,888 

Alan K. Aldous 

31,905 

R. Edward Brake 

37,784 

Ben Burge 

42,372 

Jeffrey S. Draeger 

41,000 

Cynthia Thomas Faatz 

39,973 

John N. Greaves 

40,362 

Seth Z. Kalson 

40,670 

David J. Kaplan 

41,105 

Peter Lam 

44,855 

Charles A. Mirho 

41,199 

Leo V. Novakoski 

37,198 

Thomas C. Reynolds 

32,488 

Kenneth M. Seddon 

43,105 

Mark Seeley 

32,299 

Steven P. Skabrat 

36,279 

Howard A. Skaist 

36,008 

Gene I. Su 

45,140 

Calvin E. Wells 

43,256 

Raymond J. Werner 

34,752 

Robert G. Winkle 

37,474 

Charles K. Young 

39,435 


Direct all telephone calls to at (503) 222-3613 and send all correspondence to: 
Joseph S. Makuch 

MARGER JOHNSON & McCOLLOM, P.C. 
1030 S.W. Morrison Street 
Portland, Oregon 97205 


I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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